Background: For the present study, we collected mesozooplankton in the upper layer (above 100 m in depth) of four stations in the northern South China Sea (SCS) to determine the influence of different water masses on their distribution and abundance from 27 September to 2 October 1999. Results: In total, 18 major zooplankton taxa were recovered from the samples. Calanoid copepods, Noctilucales, and chaetognaths were dominant and together comprised 65.90% of the overall zooplankton counts. Zooplankton densities ranged from 102.19 to 1,285.24 individuals per cubic meters (ind./m
Background
Plankton plays important roles in transferring carbon and energy to upper consumer levels in aquatic ecosystems worldwide. Small single-cell phytoplankton contributes most to the primary production in open ocean ecosystems (Hwang et al. 2000b; Hwang and Martens 2011; Sanoamuang and Hwang 2011) . Zooplankton consumes phytoplankton and plays important roles in transferring carbon and energy to upper trophic levels in the food web (Dahms et al. 2012) . Planktonic copepods in turn are dominant taxa among zooplankton assemblages (Tseng et al. 2008d Chen et al. 2010; Hsiao et al. 2011; Chou et al. 2012) . Their feeding behaviors deeply affect fluxes of carbon and energy Vandromme et al. 2010; Wu et al. 2010 Wu et al. , 2011 . In this study, we examined the important issues of the distribution and community structure of zooplankton and planktonic copepods, which may provide useful information for understanding marine systems worldwide.
Previous reports studied zooplankton structures in the South China Sea (SCS): in northern areas (Chen 1992; Hwang et al. 2000a; Tseng et al. 2012b) , coastal areas (Hwang et al. 2003; Tseng et al. 2008e) , estuaries (Tan et al. 2004) , and the Malacca Strait (Yoshida et al. 2006) . The community structure of plankton is generally affected by the dynamics of water masses (Hwang et al. 2000a (Hwang et al. , 2007a Tseng et al. 2012b ) and the effects of monsoons (Hwang et al. 2004 Dur et al. 2007; Tseng et al. 2008c Tseng et al. , 2011c Dahms et al. 2012) . Li et al. (2010) suggested that the SCS is the world's bestknown monsoonal climate zone. Seasonal monsoons play an important role in community alterations of copepods in waters around Taiwan (Hwang et al. 2004 Tseng et al. 2008c ). Morton and Blackmore (2001) suggested that monsoon effects also cause seasonal changes in the zooplankton community structures in the SCS. Tseng et al. (2008a) and Chang et al. (2010) reported that copepod communities varied during the monsoon transition periods in the northern SCS. A few studies reported specific changes in autumn in surface waters of the subtropical SCS (Tseng et al. 2008a ) and dynamic patterns in the northern SCS (Tseng et al. 2012a ). In the northern SCS, most previous studies focused on copepod compositions in surface waters (<10 m) (Lo et al. 2001 (Lo et al. , 2004b Tseng et al. 2008e, 2012b Chang et al. 2010) . Mesozooplankton studies were conducted in the northern SCS at different depths, ranging 2 to 4,500 m (Hwang et al. 2007a ), 0 to 150 m (Hwang et al. 2007b , and 0 to 300 m (Tseng et al. 2008a ). However, copepod communities in shallower waters (<100 m) have not been investigated before in the northern SCS.
The SCS is as yet a poorly studied region in terms of the roles zooplankton and planktonic copepods assume in autumn. Morton and Blackmore (2001) suggested that the SCS is probably the world's most diverse marine region. Hydrographic data and measurements of both chemical and biological variables in the SCS are rare (Pauly and Christensen 1993 ). An investigation of the effects of biogeochemical processes on oceanographic events was initiated during the South East Asia Time Series (SEATS) study (Ding et al. 2004 ). The present study is the first to reveal zooplankton communities in waters shallower than 100 m in the northern SCS. The objectives of the present study were to understand (1) the community structure of zooplankton and (2) the distribution and assemblages of planktonic copepods in shallow waters (above 100 m in depth) of the northern SCS during the advent of the northeastern monsoonal wind regime.
Methods

Field sampling, identification, and enumeration
For the present study, zooplankton was sampled in the northern SCS during cruise 563 of the Ocean Research Vessel III from 27 September to 2 October 1999. Locations and details of the sampling stations are provided in Table 1 and Figure 1 . A transect line with four stations was chosen from southwestern Taiwan to the southernmost SEATS station. Zooplankton samples were collected by oblique tows with a standard North Pacific zooplankton net (with a mouth diameter of 45 cm and a mesh size of 333 μm) from 100 m in depth to the surface at each station. A flow meter (Hydro bios, Kiel, Germany) was attached in the center of the net opening for later estimation of the seawater volume filtered. In addition, zooplankton samples were taken every 5 h at the SEATS station to elucidate the diurnal dynamics of the assemblages (Table 1) . After retrieval from the ocean, the zooplankton samples were immediately preserved in seawater with a 5% formalin solution for further enumeration and identification. Prior to plankton collection, a conductivitytemperature-depth instrument (Sea-Bird Electronics, Inc., Bellevue, WA, USA) was used to obtain information on temperature (T) and salinity (S) from the area where zooplankton tows were subsequently taken.
In the laboratory, samples were split with a Folsom splitter until the subsample contained fewer than 500 specimens. Zooplankton and copepods were sorted and identified to species level using the identification aids of Chen and Zhang (1965) , Chen and Shen (1974) , and . Additional original papers were used for species identification when required.
Statistical analyses
Species density matrices were analyzed using multivariate analyses for copepod species. Significance levels of Bray-Curtis similarity among stations of copepod assemblages were calculated using the computer program, Paleontological Statistics (Hammer et al. 2001) . The abundance of all copepod species in each sample was used to calculate similarities before clustering. The functional test of Box and Cox (1964) for transforming data was applied before similarity analysis. The value (λ) of the power transformation was 0.84, and then the copepod densities of all samples were transformed as log (x + 1). Indicator copepod species among each cluster were identified using the value index (IndVal) (Dufrêne and Legendre 1997) . In the present study, we only calculated values of the IndVal for copepod species with relative abundances of >5% in each cluster grouping. The ShannonWiener diversity index was used to evaluate species diversity, while the Margalef richness index and Pielou's evenness were used to estimate the copepod community composition in each sample. Student's t test was used to compare mean values of copepod abundance, species richness, and indices between samples collected from the SEATS stations in the northern SCS.
Results and discussion
Results
Hydrographic information
Satellite images of monthly average sea surface temperatures, provided by the National Oceanic and Atmospheric Administration, showed that surface values exceeded 28°C in the northern SCS in September 1999 (Figure 2 ). Vertical profiles of temperature and salinity above a depth of 120 m are shown for all sampling stations (Figure 3 ). Temperature profiles demonstrated that surface waters in a layer above 40 m in depth were about 28°C without a clear difference between sampling stations. The depth of the thermocline was at about 40 m. The temperature decreased with depth in a vertical profile from 40 to 120 m. The temperature of waters below 40 m in depth clearly varied between stations. Temperatures were higher at the northern stations than at the SEATS stations ( Figure 3A ). Salinities showed a contrasting trend to temperature. The salinity at the surface was about 33.6 at stations A1 and A2 and was slightly lower at about 33.2 at stations A3 and SEATS. Salinities showed a clearly increasing trend from the surface to 120 m deep at each sampling station ( Figure 3B ). Vertical T-S profiles are shown for each station in Figure 3C . The reference T-S curves demarcate characteristics of the waters in the Kuroshio Current (KC) area (21.419°N, 122.333°E) above 250 m recorded from a cruise in October 2001. T-S curves indicated that the water masses at the northern stations A1 and A2 were characterized by high temperatures and salinities. The water properties ( Figure 3C ) of stations A1 and A2 showed similarities to those of the KC. In contrast, the SEATS station was characterized by low temperatures and salinities of the SCS water. The water at station A3 showed mixed characteristics of the KC and SEATS ( Figure 3C ).
Zooplankton composition and abundance
We identified 18 zooplankton taxa from all samples ( Table 2 ). Comparing the zooplankton from all samples, the ranking by abundance of dominant taxa was as follows: calanoid copepods (relative abundance (RA) of 26.51%), Noctilucales (Dinophyceae) (RA of 23.79%), chaetognaths (RA of 15.60%), ostracods (RA of 10.11%), Foraminifera (RA of 6.95%), and poecilostomatoid copepods (RA of 4.40%). The top three dominant taxa (calanoid copepods, Noctilucales, and chaetognaths) together comprised 65.90% of the overall zooplankton counts (Table 2 ). Zooplankton compositions varied among all samples. The composition of the top six dominant zooplankton taxa is shown in Figure 4B . Considering all zooplankton taxa and samples, calanoid copepods were the most dominant taxon, ranging from 19.91% (station A1) to 52.11% (SEATS station at 1800 hours). Noctilucales showed higher RA values at stations A1~A3, ranging from 19.60% (station A3) to 59.00% (station A1). Noctilucales were abundant at stations located in the KC intrusion area (stations A1 to A3) but low in the area of the SEATS station. Chaetognaths had a high proportion of 45.35% (SEATS station at 1300 hours), and ostracods were abundant at station A2 (15.09%). Foraminifera and poecilostomatoid copepods respectively showed high proportions of 10.53% in samples from station A2 and 14.79% at the SEATS station (at 1300 hours) ( Figure 4B ). Among the top six most abundant zooplankton taxa, RA values of Noctilucales in samples of stations A1 to A3 were significantly higher than those in samples at the SEATS station (t = 3.52, p = 0.017, Student's t test). On the contrary, RA values of poecilostomatoid copepods in samples of stations A1 to A3 were lower than those of samples collected from the SEATS station (t = −2.817, p = 0.037, Student's t test). These results demonstrated substantial geospatial variability in the community structure and distribution of zooplankton. 
Copepod abundance and diversity
From the six samples, we identified 32 copepod species (including five species which were solely identified to the generic level). These copepods belonged to 4 orders, 16 families, and 23 genera (Table 3 ). Figure 5 shows variations in copepod abundances, species numbers ( Figure 5A ), indices of richness, diversity, evenness ( Figure 5B) , and relative abundances of the four copepod orders ( Figure 5C ) at each sampling station. Copepod total abundances ranged from 30.24 ind./m 3 (station A3) to 311.17 ind./ m 3 (station A2), with a mean of 99.14 ± 97.84 ind./m 3 . Variations in zooplankton abundances showed a similar trend to copepod abundances among sampling stations ( Figure 4A ). The highest copepod density was recorded at station A2 with a sampling time of just after midnight (0030 hours). Numbers of copepod species identified at each station ranged from 11 (stations A1 and A2) to 19 (SEATS station at 0800 and 1800 hours), with a mean of 15.29 ± 3.35 species per station ( Figure 5A ).
Indices of copepod species richness, Shannon-Wiener diversity, and evenness differed among stations ( Figure 5B ). The richness index of each sample ranged from 1.74 (station A2) to 4.69 (station A3), with an average value of 3.44 ± 1.03. The Shannon-Wiener diversity index ranged from 1.83 (station A2) to 2.54 (station A3), with a mean value of 2.29 ± 0.28. The evenness index of each sample ranged from 0.76 (station A2) to 0.92 (SEATS station at 2300 hours), with a mean of 0.84 ± 0.06 ( Figure 5B) .
Proportions of the four copepod orders in each sample are shown in Figure 5B . Calanoid copepods were most abundant in most samples. Proportions of calanoid copepods ranged from 60.0% (SEATS station at 1300 hours) to 92.75% (station A2), followed by poecilostomatoid and cyclopoid copepods, with the lowest proportion for harpacticoid copepods. Poecilostomatoid and cyclopoid copepods showed the highest proportions of 31.76% at the SEATS station at 2300 hours and 20.51% at 1300 hours, respectively. Harpacticoid copepods showed the lowest abundance among all samples. Compositions of the different copepod orders collected from seven samples substantially varied ( Figure 5C ).
Of all the samples, the top five abundant species were Pleuromamma gracilis (Claus, 1863) (RA of 18.54%), Nannocalanus minor (Claus, 1863) (RA of 10.07%), Lucicutia flavicornis (Claus, 1863) (RA of 9.31%), Acartia (Acartia) negligens Dana, 1849 (RA of 8.95%), and Clausocalanus arcuicornis (Dana, 1849) (RA of 8.95%). The total number of the top five most abundant species represented 55.82% of the total abundance of all samples (Table 3) . The most common copepod species in the present study were A. (A.) negligens and Corycaeus (Farranula) gibbula Giesbrecht, 1891, both of which had a 100% occurrence rate (OR), followed by C. arcuicornis, Cosmocalanus darwini (Lubbock, 1860) and Oncaea venusta Philippi, 1843 with an OR of 85.74% (Table 3) .
Copepod communities and distribution
The ordination dendrogram shows results of the clustering analysis that calculated similarity distances among samples by the Bray-Curtis method (Figure 6 ), which revealed similarities of copepod communities among all samples during the sampling period. IndVal values of copepods that had a relative abundance of >5% in each cluster group were calculated and are shown in Table 4 .
The sample collected from station A2 showed the highest abundance, whereas the lowest values of richness, diversity, and evenness indices ( Figure 5A ) were separated from the others and allocated to group IA. The top three dominant copepod species of group IA were P. gracilis (36.23%), N. minor (20.29%), and L. flavicornis (18.84%) ( Table 4 ). At the next grouping level, all samples collected from the SEATS station were placed into group IIA, which showed high richness and diversity indices ( Figure 5B ) and a particular composition of copepod species. The top three dominant species of group IIA were C. arcuicornis (16.03%), C. (F.) gibbula (13.37%), and A. (A.) negligens (11.60%). The remaining two samples of A1 and A3 were placed into group IIB, and the most dominant species of group IIB were A. (Table 4) . Results of the present study suggested that copepod communities at depths of <100 m in the northern SCS were influenced by the water characteristics ( Figure 3 ) and varied spatially in the horizontal dimension (Figure 1 ) during the sampling period.
Copepod communities at the SEATS station
Cluster analysis results ( Figure 6 ) indicated that copepod communities at the SEATS station differed from samples collected from the northern SCS (stations A1 to A3). Results of a rank abundance (%) analysis of planktonic copepod species sampled from the SEATS station in the northern SCS in autumn 1999 are given in Figure 7 . Patterns of rank abundance curves were relatively similar among the four samples. Among samples at the SEATS station, two samples collected at 0800 and 1800 hours had higher species numbers than the other samples. The SEATS station recorded 31 copepod species in total from four vertical samples (water column samples from 100 m to the surface). Among all samples from the entire cruise, 96.9% of copepod species were identified at the SEATS station, and 10 species were only found in samples from the SEATS station (Table 5 ). The highest density was found for C. arcuicornis 
Discussion
Zooplankton composition and abundance Irigoien et al. (2002) reported that crustacean zooplankters are key organisms in aquatic ecosystems because they represent an important link in marine food webs. They transport materials and energy from the primary production of phytoplankton to higher-level consumers, i.e., many fish species, in the oceans. In the present study, the RA value of total crustaceans was 46.71% (Table 2) if only the proportion of crustacean abundance among all mesozooplankton was considered. After removing the protist taxa (the Noctilucales, Radiolaria, and Foraminifera) from the records of this study, the proportion of total crustaceans increased their dominance to an RA of 65.57%. The present results also confirmed for the SCS that Irigoien et al. (2002) suggested about the crustacean zooplankton being abundant and important in waters above 100 m in depth in the northern SCS.
Only a few investigations have examined zooplankton assemblages in waters of the SCS so far. Previous reports analyzed the zooplankton community in coastal areas of urban outfalls in the northern SCS (Tseng et al. 2008e) and of surface waters of the northern SCS (Tseng et al. 2012b) . Calanoid copepods represent the most abundant taxon in waters of southwestern Taiwan present study found calanoid copepods to be the most abundant taxa in waters shallower than 100 m in the northern SCS. These results confirm copepods as the dominant mesozooplankton taxon in coastal areas of the SCS, the Pearl River estuary (Tan et al. 2004) , and the Malacca Strait (Yoshida et al. 2006) . Tseng et al. (2012b) reported that Noctilucales were the dominant zooplankton group (RA of 42.55%) in surface waters of the northern SCS. A similar result was reported for Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921, which was abundant (7310.39 ± 36,102 .05 ind./m 3 , RA of 51.04%) in surface waters of the southwestern East China Sea (ECS) during a summer cruise (Tseng et al. 2011b ). The present study recorded Noctilucales (RA of 23.79%) as the second most abundant taxon of zooplankton in waters above 100 m in depth. Sampling depths among these studies varied. Light quality and nutrients are important factors which affect the growth of Noctilucales (Stoeck 1999; Tseng et al. 2008f, 2011b . The quantity of irradiance in the surface zone was highest, and it decreased with increasing depth in the northern SCS (Wang et al. 2008) . Vertical migrations of zooplankton also affect the abundance and community structure (Takahashi and Hirakawa 2001; Lo et al. 2004c; Liu et al. 2003; Silva et al. 2009 ) by changing the proportion of each taxon within the zooplankton community. Thus, densities and RA values of Noctilucales are higher in surface waters than in deeper layers.
Copepod community structure
Previous studies found a common trend of the copepod distribution in the SCS of the total abundances decreasing with an increasing sampling depth (Hwang et al. 2007a Tseng et al. 2008a ), similar to that reported off southern Brazil (Dias et al. 2010 ). The present study recorded an average abundance in waters shallower than 100 m of 99.14 ± 97.84 ind./m 3 . This value is lower than that in Tseng et al. (2012b) who recorded an average copepod abundance of 523.42 ± 262.82 ind./m 3 in surface waters of the northern SCS. Previous studies in the SCS reported that the dominant copepod species varied. The dominant species in the present study were P. gracilis, N. minor, and L. flavicornis. Tseng et al. (2008a) reported that Clausocalanus furcatus, C. arcuicornis, and Paracalanus nanus were dominant at depths above 300 m. In a similar investigation area, Tseng et al. (2012b) found that Paracalanus, Calocalanus, and Oncaea were the three predominant copepod genera in surface waters of the northern SCS. Hwang et al. (2007a) found that dominant species and copepod compositions changed with the sampling depth. Their results established that several species only appeared at specific depths. The present results indicated that the copepod species composition in the SCS varies with the sampling site, sampling season, and spatial scale of sampling. Hwang et al. (2007b Hwang et al. ( , 2010 discussed the distribution of Oithona spp. at different temporal and spatial scales. Their results demonstrated that copepods of Oithona spp. are commonly lost through larger mesh sizes. Both Hwang et al. (2007b) and the present study used nets with a 333-μm mesh size. In the present study, we recorded an abundance of all Oithona spp. of 3.7 ± 8.92 ind./m 3 . This value of total Oithona spp. is very close to that reported by . In addition, Tseng et al. (2011a) stated that densities of smaller zooplankton were highly underestimated by larger-meshed nets. Our data confirmed that the 333-μm mesh size used to collect Oithona copepod resulted in its low abundance in the northern SCS.
In the present study, T. turbinata was only recorded at the SEATS station and then rarely (0.13 ± 0.26 ind./m 3 ). In coastal areas of Taiwan, T. turbinata is dominant with high abundances and can be used as an indicator species for warm water in northern Taiwan (Hwang et al. 2004 Tseng et al. 2011c) . A few previous reports found high abundance records that varied in different coastal regions, such as 187,672.11 ± 819,416.82 ind./1,000 m 3 in waters adjacent to nuclear power plants (Hwang et al. 2004) , 2,476 ± 15,208 ind./100 m 3 in Tapong Bay (Lo et al. 2004a), 136,333 ± 355,493 ind./1,000 m 3 in an estuarine area of the Danshuei River ), 426 ± 132 ind./m 3 in a eutrophic lagoon (Hsu et al. 2008) , 540.79 ± 508.87 ind./m 3 in an outfall area (Tseng et al. 2008e) , and 192.05 ± 58.93 ind./m 3 in coastal areas of northern Taiwan (Tseng et al. 2011c ). This species also showed a high tolerance towards outfall containing pollutants in southwestern Taiwan (Tseng et al. 2008e ) and outfall waters in northern Taiwan . In reports related to the SCS, abundances of T. turbinata were dramatically lower. Tseng et al. (2012b) reported 2.38 ± 3.95 ind./m 3 in the northern SCS. Previous and present study results considered that T. turbinata belongs to a group of warm water species; it is dominant in coastal areas of Taiwan but is rarely found in the northern SCS.
Many studies suggested that copepod assemblages can be affected by several different factors, such as sampling depth (Hwang et al. 2007b Tseng et al. 2008a ), sampling time (Hwang et al. 2004 Tseng et al. 2008a; Chou et al. 2012) , vertical migration (Lo et al. 2004c) , mesh-size effects (Hwang et al. 2007b; Antacli et al. 2010; Tseng et al. 2011a) , interplay/mixed waters (Tseng et al. 2012c) , and spatiotemporal variations (Etilé et al. 2012 ). The present study confirmed that sampling depth is an important factor that influences the community structure of copepods in the northern SCS. Hwang et al. (2007a) stated that copepod assemblages in the northern SCS were strongly affected by waters intruding from the KC in October. Their results showed that the composition of copepod assemblages changed with geospatial differences in longitude and latitude. Tseng et al. (2008a) reported that compositions of copepods in the northern SCS clearly differed between stations located in coastal areas and those offshore. Similar reports are available from areas outside the SCS, where copepod communities (Tseng et al. 2008f ) and zooplankton in general (Tseng et al. 2011b) showed different patterns between the western and southern ECS during summer. In northeastern Taiwan, Kâ and Hwang (2011) reported on the distribution and composition of mesozooplankton which showed geospatial variations caused by the interplay/mixing of different water masses. From our T-S curves (Figure 3) , we concluded that stations A1 and A2 were located in regions where water masses intruded from the KC, while the SEATS station belonged to waters of the SCS. The proportion of zooplankton and composition of copepods in the present study indicated that the KC can shape plankton assemblages. The present results found significant geospatial variability in the compositions and structures of zooplankton and planktonic copepods among sampling stations. Our results also confirmed results of Hwang et al. (2007a) , who reported that KC water changed copepod compositions in the northern SCS. Previous reports demonstrated that assemblages of marine zooplankton are affected by several factors, including salinity changes due to river discharges (Tan et al. 2004; Tseng et al. 2008a Tseng et al. , 2011b , changes in water masses due to urban runoff (Tseng et al. 2008b,e) , seasonal monsoon effects (Yoshida et al. 2006) , and characteristics of water masses (Tseng et al. 2011b ). The present study revealed that changes in zooplankton composition and copepod assemblages were related to depth and varied geospatially in the northern SCS. Furthermore, the present study recognized that the influence of water intruding from the KC could affect the surface layer down to 100 m in depth.
Geospatial variability
Conclusions
In conclusion, we provide three main results: (1) copepod species identified at the SEATS station were similar to those of previous reports which focused on the northern SCS; (2) the compositions and distributions of particular zooplankton taxa and copepods show geospatial variability in the northern SCS; and (3) abundances of zooplankton and copepods were lower in the water layer above 100 m in depth than in the layer above 5 m.
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